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Abstract
This paper presents a study analysis of a wind energy conversion system (WECS) based on a doubly fed induction
generator (DFIG) connected to the electric power grid. The aim of the work is to apply and compare the dynamic
performances of two types of controllers (namely, classical PI and Fuzzy-PI) for the WECS in terms of tracking and
robustness with respect to the wind fluctuation as well as the impact on the quality of the energy produced. A vector
control with stator flux orientation of the DFIG is also presented to control the active and reactive powers between
the stator and the grid, and further to achieve maximum wind energy capturing. To show the effectiveness of the
control method performances analysis of the system are analyzed and compared by simulation in terms of the
performances of the machine.
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer]
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1. Introduction
Doubly-fed induction machine is an electrical three-phase asynchronous machine with wound rotor
accessible for control. Since the power handled by the rotor side (slip power) is proportional to the slip,
the energy requires a rotor-side power converter which handles only a small fraction of the overall system
power [1]-[2]. This is very attractive for both energy generation and high power drive applications. Fuzzy
logic (FL) based techniques have been proposed for wind power generation control [3]. The FL based
controller of a given system is capable of embedding, in the control strategy, the qualitative knowledge
and experience of an operator or field engineer about the process, but has been criticized for its
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limitations, such as the lack of a formal design methodology, the difficulty in predicting stability and
robustness of FL controlled systems [4]. The aim of this paper is to present the complete modeling and
simulation analysis and performance comparison of wind turbine driven doubly-fed induction generator
by using both the classical PI and Fuzzy-PI controller. Fuzzy-PI Control strategy was adopted to control
both the active and reactive power, and achieve the maximum wind energy capturing. The simulation
results show that this strategy has fast dynamic response, good robustness and low dependence on the
model parameters.
Fig.1.Doubly Fed Induction Generator (DFIG)
Nomenclature
qrdrqsds VVVV ,,, Stator and rotor voltage components in the d-q reference frame.
qrdrqsds IIII ,,, Stator and rotor current components in the d-q reference frame.
qrdrqsds ,,, Stator and rotor flux components in the d-q reference frame.
rrs ,, Stator frequency, rotor rotating speed and mechanical rotor speed respectively.
Pg , Respectively slip and Number of pole pairs.
tss PQP ,, Active reactive stator power and turbine mechanic power respectively.
em TT , Mechanical and electromagnetic torques respectively.
pC,,, Wind speed, pitch angle, tip speed ration and the power coefficient respectively.
2. Model of Wind Turbine
A. Model of Turbine
The mechanical power transferred from the wind to the aerodynamic rotor is given in [6]-[13] by:
(1)
Thus, the input torque in the transmission mechanical system is:
(2)
Where t, is the aerodynamic rotor speed.
The power coefficient can be expressed in terms of the pitch angle and the tip speed ratio [5]:
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And the power coefficients are given by: C1=0.5, C2=116, C3=0.4, C4=0, C5=5, C6=21.
Where i is obtained from:
(4)
Hence the tip speed ratio can be rewritten as in [13]:
(5)
The characteristic of power coefficient versus tip speed is shown in Figure 2. Under certain values of
the wind power can be controlled by adjusting either tip speed ratio or pitch angle [13]
Fig. 2. Example of Cp ( ) curve
B. Model of DFIG
In the rotating field reference frame, the model of the DFIG is shown in Figure 3:
Fig.3. PARK’s Model of the DFIG
The stator and rotor voltage equations and flux components are given below [14]:
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The equations of the electromagnetic and mechanical torques are [14]:
(7)
3. Control of Active and Reactive Power of DFIG
Figure 4 represents the control of the active and reactive power of DFIG:
Fig. 4. Control power between the stator and the network
To achieve a stator active and reactive power vector control as illustrate on figure 4, we choose a d-
q reference frame synchronized with the stator flux [8]-[10]. By setting the stator flux vector aligned with
d-axis, we shall have sds and 0qs .
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Note that this torque represents a disturbance for the wind turbine and takes a negative value. The
electromagnetic torque and the active power will only depend on the q-axis rotor current. Neglecting the
per phase stator resistance Rs (that's the case for medium and high power machines used in wind energy
conversion systems) [9], the stator voltages and fluxes can be rewritten as follows:
(9)
(10)
The stator active and reactive power and voltages are given by:
(11)
(12)
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In steady state, the second derivative terms in (12) are nil. The third terms constitutes cross-coupling
terms. The block-diagram representing the internal model of the system is presented in Figure 5. The
input blocks relating to represent the simplified rotor converter model. Knowing equations (11)
and (12), it is then possible to synthesize the regulators.
Fig .5. Block diagram of the power system
4. Controllers Synthesis
This section deals with the synthesis of PI and Fuzzy-PI controllers. Both controllers are designed to
achieve the following control objectives [12]:
Performing active and reactive power reference tracking;
Efficient disturbance rejection ;
Parametric robustness.
The first objective induces fast dynamics of the transient response but it may lead to few tuning
parameters with explicit action on the dynamical response. The second objective takes into account the
non-linearity and cross-coupling terms. Finally, the last objective is to give parametric insensibility
properties to the closed-loop against over-heating and ageing. And for that, we will synthesize two
controllers namely, PI and Fuzzy-PI.
A. PI controller design
The power block diagram is equivalent on each axis to a first order transfer function as shown in Figure
6[12].
Fig. 6. Equivalent PI control scheme
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To keep the property of symmetry of the open-loop, the controllers’ gains are voluntarily chosen
symmetric:
(13)
And the values of A and B are obtained from:
(14)
It is a simple and fast controller to implement. Figure 7 shows a closed loop system corrected by a PI
Controller.
Fig.7. The PI controller structure
The transfer function of the open loop including the regulator is:
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To cancel the pole we added a zero at the same location as the pole, equation (15) gives a pole value.
(16)
The transfer function of the open loop becomes:
(17)
The transfer function of the closed loop is expressed by:
(18)
For a response time (5%) = 10 the and expressions were given by equation (18).
(19)
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B. Fuzzy-PI controller design
According to the operational features of DFIG and control requirements, a Fuzzy-PI control strategy is
presented in this paper, system structure shown in Figure 8. It consists of a Fuzzy-PI Controller [7]. The
method used in this synthesis is the Gain Scheduling which is a technique that acts on the parameters of
PI Controller ( , ) to be varied during the control system .This makes the PI controller adapted to
nonlinear systems. The Fuzzy Controller adjusts the parameters of the PI and it generates new parameters
so that it fits all operating conditions, based on the error and its derivative. And the majority of the
developed controllers use the simple diagram suggested by Mamdani [15].
Fig.8. The Fuzzy-PI Controller structure
The PI Controller parameters used are taken normalized in the interval [0, 1], using the following linear
transformations [11]:
(20)
The inputs of fuzzy controller are: error (e) and derivative (de/dt) of error, the outputs are: the normalized
value of the proportional action ( ) and the normalized value of the integral action ( ).The inputs
signals have 3 membership functions, while the proportional gain has 4 and the integral gain has
2.The 3 membership functions of the active and reactive power controllers of the inputs are designed as
shown in Figure 9. (a). The membership functions for the proportional gain and the integral gain of
the active and reactive power controller are designed as in Figure 9. (b).
(a) (b)
Fig.9. (a) The error and its variation membership functions ;( b) The and membership functions
Which: Negative Big noted NB; Zero noted ZE; Positive Big noted PB; Positive Medium noted MP;
Positive Small noted PS.
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The fuzzy rules of the active and reactive power controllers, as shown:
Table 1.The Fuzzy Controller for rule base Table 2.The Fuzzy Controller rule base
Once the values and are obtained the new parameters of the PI Controller are calculated by the
equation [11]:
(21)
5. Simulation Results
To analyze the system and compare efficiently the two proposed controllers, a set of simulation tests
have been performed for 0.1sec, using Matlab –Simulink environment. The 2 regulators are tested and
compared by two different criteria’s; namely reference tracking, and robustness by varying the parameters
of the system. DFIG and the turbine parameters used in the simulation are listed in table 3and 4,
respectively.
A. Reference tracking
The machine is first tested as in ideal conditions mode and driven to 1500 rpm. Different step inputs
for an active and a reactive power were applied and we observed the response obtained with both classical
PI and the Fuzzy-PI controller. Results are presented in figure 10.
(a) (b)
Fig.10. Dynamic Responses to the active and reactive power step change
(a) Using PI Controller; (b) Using Fuzzy-PI Controller
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B. Robustness
In order to test the robustness of the two controllers, the value of mutual inductance Lm is decreased
by 10% of its nominal value. Figure 11 (a) and 11 (b); show the effect of parameters variation on the
active and reactive power response for the two controllers.
(a) (b)
Fig.11. Active and reactive power behaviour with Lm variation
(a) Using PI Controller; (b) Using Fuzzy-PI Controller
This test shows clearly that in the case of the classical PI regulator, the time response is strongly
altered whereas in the case of the proposed Fuzzy-PI controller it is almost unaltered.
C. Comparison of the behavior of the two controllers
Fig.12. Comparative response of the active power using the PI Controller and Fuzzy-PI Controller respectively
Thus we can conclude from these results that the Fuzzy-PI Controller is more powerful than the
classical one.
6. Conclusion
In this paper, a decoupling control method of active and reactive powers for DFIG has been developed.
Moreover, an appropriate model and vector control strategy have been established. Further, two types of
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controllers using respectively a classical PI and Fuzzy-PI are synthesized to perform powers reference
tracking and efficient disturbance rejection. The results have shown that with the Fuzzy-PI controller, the
settling time is reduced considerably, peak overshoot of values are limited and oscillations are damped
out faster compared to the conventional PI Controller. The transient response provided by the Fuzzy-PI
Controller has been superior to the classical PI controller.
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Appendix
Table 3.Parameters of DFIG
Symbol Value
Rated Power Pm
Stator resistance Rs
1.5 MW
0.012
Rotor resistance Rr 0.021
Pole Pairs P
Stator inductance Ls
Rotor inductance Lr
Mutual inductance Lm
The friction coefficient f
The moment of inertia J
Slip g
The angular speed s
2
0.0137 H
0.0136 H
0.0135 H
0.0024 N.m.s-1
1000 kg.m2
0.03
157 rad/sec
Table 4.Parameters of Turbine
Symbol Value
Radius of the wind R
Gain multiplier G
35.25 m
90
Air density 1.225 kg/m3
Table 5.Parameters of Feed
Symbol Value
Stator rated voltage Vs
Rated frequency stator fs
398 / 690 V
50 Hz
Rotor rated voltage fr
Rated frequency stator Vr
225 / 389 V
14 Hz
